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SEMCONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

TECHNICAL FIELD 

The present invention relates to a semiconductor device in 
which terminals are electrically connected via a conductive 
ribbon, and a method of manufacturing the same. 

BACKGROUND ART 

There has been an increasing demand for higher power and 
a higher withstand Voltage in power semiconductor devices, 
each having a power semiconductor chip such as a MOS-FET 
and an IGBT mounted therein. Various semiconductor chips 
and packages for the semiconductor chips have been pro 
posed in response to the demand. 

In a semiconductor device and a method of manufacturing 
the same according to the prior art, a semiconductor chip and 
an external terminal are bonded with a belt of Al (aluminum 
ribbon) to apply a large current to the semiconductor device 
with a low resistance, so that an electric resistance at a joint is 
reduced. In recent years, in order to further reduce a resistance 
and obtain stable connection, multiple Al ribbons are con 
nected in a stacked manner So as to have an increased cross 
sectional area. 

FIG. 4 shows the connection configuration of an element 
electrode and an external electrode in a semiconductor device 
of the prior art. 

In FIG.4, a power semiconductor device 101 has a semi 
conductor chip 103 mounted on a lead frame 102. On the 
surface of the semiconductor chip 103, a source electrode 
103a is formed. Further, a relatively thin conductive ribbon 
105 is provided thereon and is bonded to the source electrode 
103a by ultrasonic bonding. Provided on the conductive rib 
bon 105 is a conductive ribbon 106 larger in thickness than the 
conductive ribbon 105. The conductive ribbon 106 is bonded 
to the conductive ribbon 105 by ultrasonic bonding with the 
conductive ribbon 105 interposed between the conductive 
ribbon 106 and the source electrode 103a. The other side of 
the conductive ribbon 106 is similarly bonded by ultrasonic 
bonding with a conductive ribbon 107 interposed between the 
conductive ribbon 106 and a lead 108 serving as an external 
terminal of the lead frame 102 (e.g., see Patent Literature 1). 

CITATION LIST 

Patent Literature 

Patent Literature 1: Japanese Patent Laid-Open No. 2008 
11 7825 

SUMMARY OF INVENTION 

Technical Problem 

In the configuration of the prior art, the bonding strength 
can be improved by increasing the cross sectional area of the 
Al ribbon. The relatively thin conductive ribbon 105 is first 
bonded to the joint by ultrasonic bonding, and then the con 
ductive ribbon 106 larger in thickness than the conductive 
ribbon 105 is bonded to the conductive ribbon 105 by ultra 
Sonic bonding. Thus disadvantageously, the semiconductor 
chip 103 is heated and receives a stress caused by vibrations 
at least twice during the ultrasonic bonding, reducing the 
reliability of the semiconductor chip 103. Further, the use of 
different kinds of conductive ribbons results in a complicated 
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2 
ultrasonic bonding process and a complicated device and 
equipment, increasing the production cost. 
The present invention has been devised to solve the prob 

lems of the prior art. An object of the present invention is to 
easily reduce the resistance of a joint with a conductive ribbon 
for the electrical connection of terminals while keeping the 
reliability of a semiconductor chip. 

Solution to Problem 

In order to attain the object of the prior art, a semiconductor 
device of the present invention includes: a semiconductor 
chip; a plurality of electrode pads provided on the semicon 
ductor chip; a die pad on which the semiconductor chip is 
mounted; a plurality of leads having a pad shaped portion and 
acting as external terminals; a conductive ribbon electrically 
connecting the electrode pad and the pad shaped portion; first 
retaining regions provided at least partially outside a region in 
which the semiconductor chip is mounted on the die pad and 
a region in which the conductive ribbon is connected; second 
retaining regions provided at least partially outside a region in 
which the conductive ribbon is connected in the pad shaped 
portion; and molding resin for molding the semiconductor 
chip, the conductive ribbon, the pad shaped portion, the first 
retaining regions, and the second retaining regions, wherein 
the first retaining regions and the second retaining regions are 
fixed while being pressed during the ultrasonic bonding of the 
conductive ribbon. 
The electrode pad and the pad shaped portion may be 

electrically connected partially via one of a wire and a bump. 
The first retaining regions may be protrusions formed on 

the die pad. 
The first retaining regions and the second retaining regions 

are preferably rough Surface regions in which uneven Surfaces 
are formed. 
The uneven surfaces are preferably 0.2 m to 3 um in depth. 
The rough surface regions are preferably rectangles each 

having a side of at least 0.4 mm. 
A method of manufacturing the semiconductor device 

according to the present invention, in the ultrasonic bonding 
of the conductive ribbon during the manufacture of the semi 
conductor device, the method including: disposing the con 
ductive ribbon between the electrode pad and the pad shaped 
portion; fixing the first retaining regions and the second 
retaining regions while pressing the regions; and connecting 
the conductive ribbon to the electrode pad and the pad shaped 
portion by the ultrasonic bonding. 

Preferably, the rough Surface regions having uneven Sur 
faces are formed in the first retaining regions and the second 
retaining regions by the fixation and pressing. 
The uneven surfaces are preferably 0.2 m to 3 um in depth. 
The rough surface regions are preferably rectangles each 

having a side of at least 0.4 mm. 
Thus it is possible to easily reduce the resistance of a joint 

by using a conductive ribbon for the electrical connection of 
terminals while keeping the reliability of a semiconductor 
chip. 

Advantageous Effects of Invention 

As previously mentioned, retaining regions are added to 
the pad shaped portion of leads and a die pad that are electri 
cally connected via a conductive ribbon, so that during the 
bonding of the ribbon, strong ultrasonic waves can be applied 
in a state in which the retaining regions are pressed and fixed. 
It is therefore possible to reduce a resistance at a joint while 
firmly bonding the conductive ribbon. Further, the bonding 
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strength of the conductive ribbon increases and thus it is 
possible to eliminate the need for stacking conductive ribbons 
and easily reduce a stress caused by ultrasonic waves on a 
semiconductor chip. Moreover, the retaining regions are also 
molded with resin, so that the adhesion of the resin increases 
and the bonding strength of the conductive ribbon can be 
further increased by the resin. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1(a) shows the configuration of a semiconductor 
device according to a first embodiment. 

FIG. 1(b) shows the configuration of the semiconductor 
device according to the first embodiment. 

FIG. 1 (c) shows the configuration of the semiconductor 
device according to the first embodiment. 

FIG. 2 is a plan view showing the internal configuration of 
a semiconductor device according to a second embodiment. 

FIG.3(a) is an explanatory drawing showing a method of 
manufacturing a semiconductor device according to a third 
embodiment. 

FIG.3(b) is an explanatory drawing showing the method of 
manufacturing a semiconductor device according to the third 
embodiment. 

FIG.3(c) is an explanatory drawing showing the method of 
manufacturing a semiconductor device according to the third 
embodiment. 

FIG. 4 shows the connection configuration of an element 
electrode and an external electrode in a semiconductor device 
of the prior art. 

DESCRIPTION OF EMBODIMENTS 

The following will describe embodiments of the present 
invention in accordance with the accompanying drawings. 
(First Embodiment) 

FIG. 1 shows the configuration of a semiconductor device 
according to a first embodiment. FIG. 1(a) is an outside plan 
view showing the semiconductor device in which a semicon 
ductor chip made up of a MOS-FET is mounted in a package 
called SO8P. FIG. 1(b) is an internal structural diagram of 
FIG. 1(a). FIG. 1 (c) is a sectional view taken along line X-X 
of FIG. 1(b). 
As shown in FIG. 1, a semiconductor device 200 has outer 

lead terminals 202 protruding from molding resin 201, and is 
connected to an external circuit and a Substrate via the outer 
lead terminals 202. 
A lead frame 301 is formed of a die pad 302, source leads 

303, and a gate lead 304. The source leads 303 and the gate 
lead 304 are opposed to the die pad in a separated manner. 
From the die pad 302, a plurality of leads are drawn and act as 
drain leads 305. The source leads 303 have a pad shaped 
portion 303a that is a combination of the multiple leads near 
the die pad. 

The die pad 302, the pad shaped portion 303a of the source 
leads 303, and the die-pad side end of the gate lead 304 are 
bent and are placed slightly higher than outer lead portions. 
The die pad 302, the pad shaped portion 303a of the source 
leads 303, and the die-pad side end of the gate lead 304 may 
be flush with one another or the die pad 302 may be placed 
slightly lower. 
The lead frame 301 is mainly made of copper (Cu) or a 

copper alloy. Generally, a die pad portion is normally coated 
with silver (Ag) and the pad shaped portion 303a of the source 
leads may be made of Solid copper (Cu) without plating. 
Alternatively, the pad shaped portion 303a may be plated with 
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4 
silver (Ag) or nickel (Ni). The die-pad side end of the gate 
lead 304 is normally plated with silver (Ag). 
On the die pad 302, for example, a semiconductor chip 306 

of a power MOS-FET is mounted and is bonded on the die pad 
302 by using a die bonding material such as solder and silver 
(Ag) paste. The die bonding material for bonding is not lim 
ited to Solder and silver (Ag) paste as long as drain electrodes 
on the back side of the semiconductor chip 306 and the die 
pad 302 are electrically connected to each other. 
Formed on the semiconductor chip 306 are a source pad 

307 connected to a source electrode and a gate pad 308 
connected to a gate electrode. The source pad 307 and the gate 
pad 308 are rectangular, and the source pad 307 is larger than 
the gate pad 308. The gate pad 308 on the semiconductor chip 
306 and the pad shaped portion 303a of the gate leads 304 are 
connected via gold (Au) wires. The source pad 307 on the 
semiconductor chip 306 and the source leads 303 opposed to 
the source pad 307 are connected via an aluminum ribbon 309 
and the aluminum ribbon 309 is bonded to the source pad 307 
and the pad shaped portion 303a by ultrasonic bonding. Since 
the aluminum ribbon 309 is bonded using ultrasonic waves, 
retaining regions 310a are provided at least partially on the 
ends of the die pad 302 on which the semiconductor chip 306 
is mounted. The retaining regions 310a do not contain the 
semiconductor chip 306, the die bonding material, or the 
aluminum ribbon 309. During ultrasonic bonding, the die pad 
302 can be fixed by the retaining regions 310a. Further, on the 
pad shaped portion 303a of the source leads 303, retaining 
regions 310b to which the aluminum ribbon 309 is not con 
nected are provided on both ends of the connected portion of 
the pad shaped portion. 
The retaining regions 310a and 310b on the lead frame 301 

make it possible to firmly hold the lead frame 301 during the 
bonding of the aluminum ribbon, thereby effectively trans 
mitting strong ultrasonic waves to the lead frame 301 and the 
aluminum ribbon 309 so as to firmly fix the aluminum ribbon 
309. Further, the molding resin 201 is formed so as to contain 
the additional retaining regions 310a and 310b, so that the 
contact area between the lead frame 301 and the molding 
resin 201 increases and the aluminum ribbon 309 can be 
firmly fixed by the molding resin 201 without stacking the 
aluminum ribbons 309. Thus a resistance at a joint can be 
easily reduced by the conductive ribbon for the electrical 
connection of the terminals while keeping the reliability of 
the semiconductor chip. Moreover, in a case where the lead 
frame 301 is held by fixation while being pressed, rough 
Surface regions with a depth of about 0.2 um to 3 um are 
formed in the retaining regions 310a and 310b, so that the 
contact area between the lead frame 301 and the molding 
resin 201 can be enlarged and the adhesion of the molding 
resin 201 to the lead frame 301 can be increased. Thus it is 
possible to more firmly fix the aluminum ribbon 309 and 
simultaneously reduce the entry of moisture or the like from 
the outside. 
The aluminum ribbon 309 is bonded in a state in which the 

die pad 302 is sucked from the underside thereof and the 
bridge portion of the lead frame 301 is fixed. In a typical 
method offixing the lead frame 301 according to the prior art, 
it is not possible to effectively transmit strong ultrasonic 
waves or sufficiently fix the lead frame 301, though it is 
necessary to effectively transmit strong ultrasonic waves and 
minimize the resonance of the lead frame 301 in the bonding 
of the aluminum ribbon 309. For this reason, a bonding 
strength may be insufficient at the interface between the alu 
minum ribbon 309 and source pad 307 and the interface 
between the aluminum ribbon 309 and the source lead 303, or 
the aluminum ribbon 309 may be insufficiently bonded. 
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Thus the aluminum ribbon 309 is bonded by ultrasonic 
bonding in a state in which the lead frame 301 is firmly fixed 
at the die pad 302 provided with the retaining regions 310a 
and 310b and the pad shaped portion 303a of the source leads 
303, so that the aluminum ribbon 309 is firmly bonded and the 
contact area of the molding resin 201 is increased. Thus it is 
possible to increase the adhesion of the molding resin 201 and 
stably connect the aluminum ribbon 309. The formation of 
the rough Surface regions can further increase the adhesion of 
the molding resin 201 and more stably connect the aluminum 
ribbon 309. 

In order to firmly fix the lead frame 301 with the retainer of 
a bonder, the retaining regions of a typical power semicon 
ductor device require dimensions of at least 0.4mmx0.4 mm 
in consideration of the dimension of the retainer, the accuracy 
of transportation and so on, and the dimensions of the formed 
rough surface regions that are expected to be effective. The 
die bonding material should not be expanded to this region. If 
the die bonding material expands to this region, the die bond 
ing material is also fixed by the retainer, so that ultrasonic 
waves may cause exfoliation at the interface between the chip 
306 and the die pad 302 and the formation of the rough 
Surface regions may be hampered. 
The aluminum ribbon 309 is a belt of aluminum and trans 

mits a large current with a low resistance. The material of the 
ribbon is not particularly limited as long as the ribbon is a belt 
of a conductive material with the same effect. 
(Second Embodiment) 

FIG. 2 is a plan view showing the internal configuration of 
a semiconductor device according to a second embodiment. 
In FIG. 2, the same constituent elements as in FIG. 1 are 
indicated by the same reference numerals and the explanation 
thereof is omitted. 

In FIG. 2, protrusions 601 are provided on a die pad 302. 
The protrusions 601 act as retaining regions 602 during ultra 
sonic bonding. The protrusions 601 are firmly fixed by the 
retainer of a bonder for an aluminum ribbon 309, so that 
rough Surface regions with a depth of about 0.2 um to 3 um 
can be formed by a pressing force. The protrusions 601 also 
require dimensions of at least 0.4mmx0.4 mm. This configu 
ration can eliminate the need for retaining regions on the die 
pad 302 and the protrusions 601 can be pressed by the retainer 
instead. Thus the size of a semiconductor chip 306 mounted 
on the die pad 302 is not limited by retaining regions of 0.4 
mmx0.4 mm, achieving more flexible design. 

Further, a die bonding material expanding Substantially 
concentrically with the die pad 302 at the center is hard to 
extend to the protrusions 601 that protrude from the die pad 
302. In order to more effectively prevent a die pad material 
from expanding to the protrusions 601, uneven portions may 
be provided on the surfaces of the protrusions 601 or a coating 
may be partially applied to the protrusions 601. Thus it is not 
necessary to consider the expansion of the die bond material 
to the protrusions 601. Consequently, it is not necessary to 
considerexfoliation at the interface between the semiconduc 
tor chip and the die pad, the exfoliation being caused by 
ultrasonic bonding with an excessive die bonding material 
fixed by the retainer. 
The protrusions 601 are provided on the die pad 302 and 

ultrasonic bonding is performed in a state in which the pro 
trusions 601 are fixed by the retainer, so that strong ultrasonic 
waves can be effectively transmitted and the resonance of a 
lead frame 301 can be minimized in a semiconductor device 
of, e.g., a MOS-FET power system. Thus it is possible to 
firmly bond the aluminum ribbon 309. Further, adhesion with 
resin can be increased by the rough surface regions formed by 
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6 
a pressing force of the retainer, achieving the semiconductor 
device having the aluminum ribbon 309 formed with higher 
bonding reliability. 
(Third Embodiment) 

FIG. 3 is an explanatory drawing showing a method of 
manufacturing a semiconductor device according to a third 
embodiment. FIG. 3(a) is a process flowchart showing the 
method of manufacturing the semiconductor device accord 
ing to the present invention. FIG. 3(b) is a plan view for 
explaining the bonding process of a conductive ribbon in the 
process flowchart of FIG.3(a). FIG. 3(c) is a sectional view 
taken along line Y-Y of FIG.3(b). 

In FIG. 3, first, a power MOS-FET is formed on a silicon 
wafer, and then the wafer is divided into pieces in a dicing 
process, so that a semiconductor chip 306 is formed (step 1). 
Next, by using a lead frame 301 in which a die pad and leads 
are formed, bending is performed on a die pad 302, a pad 
shaped portion 303a of source leads 303, and the die-pad side 
end of a gate lead 304 by pre-bending. After that, the semi 
conductor chip 306 is mounted on the die pad by using a die 
bonding material Such as silver (Ag) paste (step 2). Next, on 
a source pad 307 on the semiconductor chip 306 and the pad 
shaped portion 303a that is a combination of the source leads 
303, an aluminum ribbon 309 is bonded using ultrasonic 
waves (step 3). At this point, retaining regions 310a and 310b 
provided on the die pad 302 and the source leads 303 are 
firmly fixed by retainers 501 of a bonder, and then the alumi 
num ribbon 309 is bonded. Simultaneously, rough surface 
regions with a depth of about 0.2 um to 3 um may be formed 
by a pressing force of the retainer. After that, a gatepad 308 on 
the semiconductor chip 306 and the gate lead 304 are con 
nected via gold (Au) wires (step 4). Although aluminum 
ribbon bonding and gold wire bonding may be performed in 
any order, it is desirable to first bond the aluminum ribbon in 
consideration of a pressing method and strong ultrasonic 
waves in the bonding of the aluminum ribbon 309. 

Next, the die pad 302, the semiconductor chip 306, the 
aluminum ribbon 309, the gold wires, and inner leads are 
molded with molding resin 201 (step 5). After a plating pro 
cess (step 6) and a marking process (step 7), an inspection 
process of checking the quality of the semiconductor device is 
performed (step 8), so that the semiconductor device is com 
pleted. 

In the semiconductor device manufactured by the manu 
facturing method, the retaining regions 310a and 310b for 
ultrasonic bonding on the aluminum ribbon 309 are provided 
on the die pad 302 and the pad shaped portion 303a. Thus it is 
possible to effectively transmit strong ultrasonic waves and 
minimize the resonance of the lead frame 301, firmly bonding 
the aluminum ribbon 309. Further, it is not necessary to stack 
the aluminum ribbons 309 or perform ultrasonic bonding 
several times, so that a stress to the semiconductor chip 306 
can be reduced and the semiconductor chip 306 can be 
obtained with reliability. Moreover, a contact area between 
the lead frame and the resin can be increased by the rough 
Surface regions that are formed by a pressing force of the 
retainer 501, thereby increasing adhesion with the resin. With 
this configuration, the semiconductor device can be obtained 
with high bonding reliability. 

In the explanation of the foregoing embodiments, a power 
semiconductor device was described as a semiconductor 
device. The present invention is not limited to a power semi 
conductor device and may be implemented for various semi 
conductor devices by providing retaining regions partially or 
entirely on leads and a die pad with a conductive ribbon 
electrically connecting terminals and leads. Moreover, any 
number of terminals may be used and the connection types of 
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the conductive ribbon, wires, bumps, and so on may be 
optionally combined. In the foregoing explanation, the back 
side of the semiconductor chip and the die pad are directly and 
electrically connected to each other. However, it is not always 
necessary to connect the back side of the semiconductor chip. 

Industrial Applicability 

The present invention makes it possible to easily reduce a 
resistance at a joint by using a conductive ribbon for the 
electrical connection of terminals while keeping the reliabil 
ity of a semiconductor chip. The present invention is useful 
for a semiconductor device in which terminals are electrically 
connected via a conductive ribbon, and a method of manu 
facturing the same. 
The invention claimed is: 
1. A semiconductor device comprising: 
a semiconductor chip; 
a plurality of electrode pads provided on the semiconduc 

tor chip; 
a die pad on which the semiconductor chip is mounted; 
a plurality of leads having a pad shaped portion and acting 

as external terminals; 
a conductive ribbon electrically connecting the electrode 

pad and the pad shaped portion; 
first retaining regions provided at least partially outside a 

region in which the semiconductor chip is mounted on 
the die pad and a region in which the conductive ribbon 
is connected; 

second retaining regions provided at least partially outside 
a region in which the conductive ribbon is connected in 
the pad shaped portion; and 

molding resin for molding the semiconductor chip, the 
conductive ribbon, the pad shaped portion, the first 
retaining regions, and the second retaining regions, 

wherein the first retaining regions and the second retaining 
regions are fixed while being pressed during ultrasonic 
bonding of the conductive ribbon. 
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2. The semiconductor device according to claim 1, wherein 

the electrode pad and the pad shaped portion are electrically 
connected partially via one of a wire and a bump. 

3. The semiconductor device according to claim 1, wherein 
the first retaining regions are protrusions formed on the die 
pad. 

4. The semiconductor device according to claim 1, wherein 
the first retaining regions and the second retaining regions are 
rough Surface regions in which uneven Surfaces are formed. 

5. The semiconductor device according to claim 4, wherein 
the uneven Surfaces are 0.2 Lum to 3 um in depth. 

6. The semiconductor device according to claim 4, wherein 
the rough Surface regions are rectangles each having a side of 
at least 0.4 mm. 

7. A method of manufacturing a semiconductor device, 
in ultrasonic bonding of the conductive ribbon during 

manufacture of the semiconductor device according to 
claim 1, the method comprising: 

disposing the conductive ribbon between the electrode pad 
and the pad shaped portion; 

fixing the first retaining regions and the second retaining 
regions while pressing the regions; and 

connecting the conductive ribbon to the electrode pad and 
the pad shaped portion by the ultrasonic bonding. 

8. The method of manufacturing a semiconductor device 
according to claim 7, wherein rough Surface regions having 
uneven Surfaces are formed in the first retaining regions and 
the second retaining regions by the fixation and pressing. 

9. The method of manufacturing a semiconductor device 
according to claim 8, wherein the uneven Surfaces are 0.2 um 
to 3 um in depth. 

10. The method of manufacturing a semiconductor device 
according to claim 8, wherein the rough surface regions are 
rectangles each having a side of at least 0.4 mm. 


